naturally occurring in southern Portugal (Algarve coastal waters). These are demersal fish belonging to the family Sparidae, whose geographic distribution extends from the Bay of Biscay to Cape Verde Islands. Their bathymetric range extends from the shallow subtidal zone down to the depth of about 90 m (Whitehead et al. 1986 ). Diplodus sargus inhabits littoral waters on rocky bottoms and sand close to rocks, while D. vulgaris also occurs on sandy bottoms (Whitehead et al. 1986 ). Both species are morphologically very similar, but are easily distinguished based on external features. They have the same trophic level (Guidetti and Sala 2007) , their reproduction season overlaps (Gonçalves et al. 2003; Erzini et al. 2001 ), but they do not tend to form mixed schools during mating (M.N. Santos and P.G. Lino, oral comm.).
The Portuguese Fisheries and Marine Research Laboratory (IPIMAR) produces and rears these 2 species in its own Aquaculture Research Station (EPPO). The capacity to mass produce fish species is one of the conditions to consider a species for restocking (Bell et al. 2006; Støttrup and Sparrevohn 2007) . Although presently both stocks do not require such intervention, IPIMAR has been testing the potential of these species for restocking, since according to Bell et al. (2006) , there are no "shortcuts" to identify whether hatchery releases will be a viable management option for each situation.
The establishment of a founder stock for sparid hatchery production should be considered the fundamental step in broodstock management, since it will determine the population's genetic variability and inbreeding that will take place by future crosses. In general, the effective size of founder populations is conditioned by hatchery techniques constraints, which may result in the use of only a few individuals as broodstock. This practice may lead to erosion of the genetic diversity of the progeny stocks (Alarcón et al. 2004) . Therefore, proper hatchery management and breeding programs should be implemented, both for genetic enhancement programs and for the design of restocking or stock enhancement strategies. In order to carry out such programs, information on the genetic background of hatchery populations and on the genetic relationships between hatchery and the wild populations of these species are fundamental.
The use of molecular markers applied to stock assessment has often cast light on population substructure, and given useful information for the management of fishery resources (Allendorf and Phelps 1980) . RAPD (random amplified polymorphic DNA) is a polymorphic assay based on the amplification of random DNA sequences, using primers with arbitrary nucleotide sequences. RAPD is a low-cost, simple technique, which requires no previous sequence information and in which a large number or putative loci may be screened (Weising et al. 1995) . However, this technique has some disadvantages, associated mainly with dominance, reproducibility, homology inferences, and artifact fragments (Jones et al. 1997; Harris 1999; Ali et al. 2004 ). The RAPD method (Williams et al. 1990 ) has been widely used in molecular biology laboratories and frequently applied to reveal population-genetic variation, divergence, and biogeography (Schaal and Leverich 2001) . In aquaculture fish species, it has already been successfully applied to catfish (Liu et al. 1998) , discus (Khol et al. 1999) , red seabream (Jiang et al. 2004) , carp (Wang and Li 2004) , gilthead seabream (Bilgen et al. 2007) , and flounder (Liu et al. 2007 ).
The main objective of this study was therefore to define the genetic structure of both hatchery-produced and wild populations of D. sargus and D. vulgaris from Southern Portugal, in order to estimate the degree of potential genetic erosion of hatchery populations, by comparing their genetic variability with that of geographically close wild stocks.
Materials and methods

Sample collection and DNA extraction
For each species, D. sargus and D. vulgaris, 20 hatchery-produced fish were obtained from the IPIMAR's EPPO, while 20 wild fish were obtained from natural southern Portuguese populations. All wild fish were captured by the local fishing fleet, at the same area on the south Algarve coastal waters (southern Portugal). Fin clips were cut immediately after collection of the individuals, placed in 95% ethanol, and stored until further processing. The protocol used for genomic DNA extraction is based on the use of the automatic system equipment QuickGene-810 and an adaptation of the QuickGene DNA Tissue kit developed by FUJIFILM LIFE SCIENCE. The fin clips (5-25 mg) were cut in small peaces and placed in a 2-mL Eppendorf tube. 180 μL of MDT (Tissue Lysis Buffer) and 20 μL of EDT (Proteinase K) were added to the mixture and incubated overnight at 55 o C. The subsequent addition of 180 μL of LDT (Lysis Buffer) was followed by vortexing for 15 s, and a flash spin down. After incubation at 70 o C for 10 min, 240 μL of absolute ethanol was added, and the tubes were vortexed and spun down. Finally, the lysate was transferred to a cartridge of the automatic nucleic-acid isolation system QuickGene-800, and the "DNA tissue mode" was selected.
RAPD amplification
A series of optimization experiments were conducted following the protocol of Williams et al. (1990) , with various concentrations and purity of template DNA, dNTPs, MgCl 2 concentration, and Taq polymerase, to determine which conditions produced the strongest and most reproducible patterns. A total number of 20 RAPD primers (Operon Technologies) were screened. Among them, 6 RAPD primers (Table 1) produced clear and reproducible bands, so they were selected for amplification of all the D. sargus and D. vulgaris DNA samples. To test the reproducibility of the bands, 3 replicates were analysed for all selected primers in which contamination controls were added. The amplification reactions were performed in volumes of 25 μL, containing 50 ng of genomic template DNA, 2 mM MgCl 2 , 100 μM of dATP, dCTP, dGTP and dTTP each, 0.2 μM of the primer, and 0.5 units of Taq DNA polymerase (Fermentas, Life Sciences). Amplification was performed in a Thermal Cycler (T-personal, Biometra) in a total of 45 cycles: 1 min at 94 o C, 1 min at 30-36 o C, and 2 min at 72 o C, using the fastest possible transitions between each temperature. The total volume of the PCR products were evaluated in 2% agarose gels and visualized by ethidium bromide staining. After electrophoresis, DNA bands profiling were observed under UV light, and the images were saved in a gel analyzer (UVIDOC).
Data analysis
Amplified fragments were scored as binary data, i.e. presence as 1 and absence as 0, for homologous bands. Only data generated from reproducible bands were used for statistical analysis. The number of polymorphic loci, percentage of polymorphic loci (%P), observed number of alleles (n a ), effective number of alleles (n e ), Nei's gene diversity (h), and Shannon index (H') were estimated using the program GenAlEx 6.1 (Peakall and Smouse 2007 ). Nei's (1987) coefficient of gene differentiation (G ST , analogous to the fixation index F ST ) and gene flow (N m ) were estimated using POPGENE program version 1.32 (Yeh et al. 1997) . To calculate the percentage of polymorphic loci with the most common allele not exceeding 95% (%P 95 ) and Nei's (1972) genetic distance, we used TFPGA 1.3 software (Miller 1997) . To estimate the genetic structure of D. sargus and D. vulgaris populations, a measure of genetic differentiation (F PT ) was estimated using the non-parametric analysis of molecular variance (AMOVA) with the program GenAlEx 6.1 (Peakall and Smouse 2007) for variation among individuals within populations and among populations. Allele frequency was calculated according to Lynch and Milling (1994) .
Results
Genetic diversity within populations
The 6 selected primers amplified 161 and 168 clear and reproducible bands, for D. sargus and D. vulgaris populations, respectively (Table 1) . The size of the major amplified bands ranged between 200 and 1500 bp.
Intrapopulation genetic diversity values, estimated by the Shannon index (H'), Nei's gene diversity (1973) (h), number of observed and effective alleles (n a and n e ), and percentage of polymorphic loci (%P and %P 95 ), are presented in Table 2 . A high percentage of polymorphic loci (%P) was observed for both species. However, values for hatchery populations were lower than those for wild populations. The H' and h values were higher in the wild than in the hatchery populations for both species. Nevertheless, the results demonstrate that the intrapopulation genetic variation was high within populations in all 4 cases.
Genetic variation between populations
Analysis of molecular variance (AMOVA) and coefficient of gene differentiation (G ST ) (Nei 1987; Excoffier et al. 2005) , calculated with the programs mentioned earlier, allowed us to examine the hierarchical partitioning of genetic variation in the populations of D. sargus and D. vulgaris. According to the values obtained with the application of multi-population analysis (Nei 1987) (Table 2) The AMOVA results indicated that within-population variation accounted for 77% and 88% of the total genetic variation, whilst between-population variation accounted for the remaining 23% and 12%, for D. sargus and D. vulgaris, respectively. The analogue of fixation index (F PT ), calculated with AMOVA, reached 0.225 and 0.122 for D. sargus and D. vulgaris, respectively, suggesting moderate to low genetic differentiation between the wild and hatchery populations of both Diplodus species. The analyses of these values lead us to a conclusion that there are no major genetic differences between the wild and hatchery populations in both studied species.
Discussion
Avoiding extinction of heavily exploited populations is the first goal of any nature conservation plan (Man et al. 1995) , but since all environments ultimately change and will probably change at an ever-increasing rate due to human influence, then conservation programs must also maintain the capacity of fish to adapt genetically, preserving genetic variability. Therefore one of the major concerns should be the maintenance of the existing genetic variation, both within and among different populations, maintaining high levels of heterozygosis and preserving allele richness (Meffe 1986) .
Several methods based on PCR have been developed for genetic analysis of several fish species. RAPD fingerprinting revealed to be less time consuming and less expensive (Liu and Cordes 2004; ). The disadvantage of its low reproducibility can be overcome by replicating exactly the same laboratory conditions and assaying 2 or more times to ensure reproducibility. Consequently, RAPD is one of the best methods for the assessment of genetic variation among populations in species where little molecular genetic information is available. This technique has been previously successfully applied to population analysis of several fish species (Liu et al. 1998 specific comparisons between wild and hatchery populations of the same species (Khol et al. 1999; Bilgen et al. 2007; Liu et al. 2007 ). Genetic diversity within populations is highly important for the adaptation to changing environments and, as a consequence, for long-term survival of a species. In this work, all studied populations of D. sargus and D. vulgaris revealed high within-population variation, estimated by several genetic parameters. Lenfant and Planes (1996) , González-Wangüemert et al. (2004) and Domingues et al. (2007) , had also previously found high values of within-population genetic diversity in several D. sargus populations. However, as far as D. vulgaris is concerned, to our best knowledge, this is the first genetic population study performed.
The analysis of the genetic structure in both species also revealed that the level of between-population variation was higher in D. sargus than in D. vulgaris. AMOVA results showed that genetic variation was higher within populations than between populations, for both Diplodus species. The obtained low to moderate genetic differentiation between populations, associated with the reduced values of genetic distance and high values of gene flow, allows us to state that these populations correspond to a genetic structure of a single population by species. Similarly low level of between-population variation was found by D'Anna and Badalamenti (2000) between hatchery and wild D. sargus populations from Golfo di Castellammare (Sicily).
In conclusion, results of this study give a preliminary view of genetic variation both within and between these populations. Both hatchery populations analysed, but particularly that of D. sargus, show an unquestionable decrease in genetic variation in comparison to the wild ones. However, the high values of variation within populations and the low levels of variation among populations did not reveal any inbreeding or depression effects, thus indicating a fairly proper hatchery management. The IPIMAR hatchery, being a research facility, is particularly careful with this issue, having a 20% annual replacement of the broodstock with new wild specimens. Nevertheless, an assessment of the genetic structure of hatchery populations should be conducted periodically along the selective breeding programs, in order to avoid any major reduction in genetic diversity of hatchery populations, particularly those to be used in future restocking programs. The intrapopulation genetic variation is, in fact, an essential parameter of species adaptation to environmental changes. When a gene pool from a population narrows and loses genetic plasticity, it becomes more prone to changes in environmental conditions and therefore is more susceptible to extinction (Guttman and Berg, 1998) . The creation of genetic baseline data with the use of several other molecular markers will certainly contribute to a more efficient conservation management and should be used for each species prior to any massive release that might affect the wild population.
